S
MOKING IS an important preventable cause of mortality; however, current approaches to cessation are only partially successful. 1, 2 The relationship between depressed mood and smoking behavior 3, 4 suggests that antidepressant drugs might have a role in smoking cessation. Several antidepressants, including bupropion, 5 doxepin, 6 nortriptyline, 7 and moclobemide, 8 have shown some effectiveness in smoking cessation.
This study was designed to test our hypothesis that the addition of a tricyclic to a behavioral smoking cessation program would increase cessation rates. We chose nortriptyline as the experimental agent because it is generally well tolerated, even in elderly subjects, and has a known therapeutic blood level range.
9-12

RESULTS
We screened 269 patients, of whom 26 were ineligible and 29 failed to attend the scheduled cessation classes, leaving 214 who were randomized (108 to nortriptyline and 106 to placebo) (Figure 1 ). Table 1 shows there were no significant differences between the baseline characteristics of the study groups. Only 26 (12%) of 214 patients had a history of depression as assessed using the Computerized Diagnostic Interview Schedule. Of the patients who continued in the study until 1 week after quit day, 77 (85%) of 91 nortriptyline subjects and 80 (85%) of 94 placebo subjects were receiving the 3-capsule (75 mg of nortriptyline hydrochloride) target dose. The median nortriptyline level at the final drug dose was 67 ng/mL (range, 25-146 ng/mL). There was a statistically significant reduction (PϽ.006, Mann-Whitney U test with Bonferroni adjustment) in being anxious/ tense (Figure 2 ) and several other withThis article is also available on our Web site: www.ama-assn.org/internal. drawal symptoms by 1 week after quit day including irritability/anger, difficulty concentrating, restlessness, impatience, and insomnia, but not for craving, excess hunger, drowsiness, and increased eating ( Table 2) .
ORIGINAL INVESTIGATION
The validated cessation rate over the follow-up period was higher in the nortriptyline group at every time point. The nortriptyline group had a 6-month sustained abstinence rate higher than the placebo group (absolute difference, 11%; 95% confidence interval, 4%-18%) (Figure 3) .
There was no significant effect on the quit rate for history of depression, baseline pack-years smoked, sex, age, Fagerstrom score, or Beck Depression Inventory scores.
Adverse effects were significantly higher in the nortriptyline group compared with the placebo group ( Table 3) . Nortriptyline therapy was discontinued due to adverse events in 10 of 108 subjects (4 with constipation and indigestion, 1 with rash, 1 with trouble uri- 
SUBJECTS AND METHODS
DESIGN
This was a double-blind, randomized, controlled trial of nortriptyline vs placebo in subjects who were enrolled in a behavioral smoking cessation program.
SITES
The sites for the study were Fitzsimons Army Medical Center, an urban military teaching hospital in Aurora, Colo, and the Denver Veterans Affairs Medical Center in Denver, Colo. This project was approved by the institutional review boards of both institutions.
SUBJECTS
Subjects were recruited from the outpatient clinics and from campus advertisements and provided written informed consent before participation. Inclusion criteria were readiness to set a quit date in the next 3 weeks, age 18 through 70 years, and currently smoking at least 10 cigarettes per day. Potential subjects were excluded for current major depression or other significant psychiatric disorder, alcohol or drug dependence, significant cardiopulmonary or liver disease, active malignancy, pregnancy, contraindication or allergy to nortriptyline, use of thyroid or anticonvulsant medications, other therapy for smoking cessation, or inability to give informed consent.
BASELINE MEASUREMENTS
We used a questionnaire to assess smoking history and estimated the degree of nicotine dependence with the Fagerstrom Nicotine Dependence Questionnaire. 13 The Computerized Diagnostic Interview Schedule 14 was used to identify subjects with current major depression or prior depression. All subjects had a medical history taking and physical examination performed by a physician or nurse practitioner along with a 12-lead electrocardiogram to identify other potential exclusions. Women of childbearing potential had a serum pregnancy test at the qualification visit and were asked to use accepted means of contraception during the study period.
SMOKING CESSATION
Subjects set a quit date within 21 days of study entry and participated in 2 behavioral group sessions based on an American Cancer Society model to prepare for quitting before the start of drug therapy.
RANDOMIZATION
Subjects were stratified by study site and randomized after the completion of the group smoking cessation sessions.
DRUG THERAPY
Drug therapy began after completion of the group sessions. Subjects took 1 capsule of the study drug before nating, 2 with subjective elevated heart rate, 1 with micturition syncope and fractured humerus, and 1 with hot flashes) and placebo was discontinued in 3 of 106 subjects (1 with headache and sleep disturbance, 1 with dry mouth and abdominal pain, and 1 with constipation).
At the end of drug therapy the study nurse identified the treatment assignment correctly in 78% of cases, while subjects were correct 67% of the time.
COMMENT
This study demonstrates that the addition of nortriptyline to a smoking cessation program results in improved smoking cessation rates. These results are similar to the preliminary data presented by Humfleet et al, 7 who found a short-term cessation rate of 50% with nortriptyline at 12 weeks compared with 35% with placebo. We also observed an improvement in withdrawal symptoms and an increase in anticholinergic adverse ef- bedtime, either nortriptyline hydrochloride (25 mg) or placebo, 10 days before quit day, then increased to 2 capsules per day (50 mg of nortriptyline hydrochloride) after 3 days, and finally after 3 more days increased to 3 capsules per day (75 mg of nortriptyline hydrochloride), if tolerated. They continued receiving the maximal tolerated dose for 8 weeks after their quit date.
All visits while subjects were receiving study drugs were individual sessions with the study nurse who reviewed problems quitting and helped develop strategies for abstinence from smoking. The study drug was dispensed in weekly increments and the returned pills were collected at each visit to reduce the possibility of overdose and to monitor compliance. If adverse effects developed, the dosage was reduced as necessary.
Blood samples were drawn 1 week after quit day, when subjects had been taking the maximal dose of study drug for at least 11 days. An unblinded research pharmacist recommended dosage reductions for those above the therapeutic range (Ն150 ng/mL) and dosage increases for those who were subtherapeutic (Ͻ50 ng/mL). To maintain blinding, dose reductions and increases on an equal number of randomly selected placebo-treated subjects were also recommended. The dosage of study drug was tapered to 50 mg/d beginning 8 weeks after quit day (day 56). All subjects stopped receiving study drug by week 10 (day 70).
Expired carbon monoxide was determined using a Bedfont expired carbon monoxide analyzer (Bedfont Technical Instruments Ltd, Sittingbourne, Kent, England). Urine cotinine levels were measured using a radioimmunoassay with gas chromatographic/mass spectroscopic confirmation by the Toxicology Laboratory, Colorado Department of Health, Denver.
Subjects completed a daily diary of the number of cigarettes smoked for the first week after quit day and selected nicotine withdrawal symptoms rated on a 0-to 5-point scale, with 5 representing severe symptoms. 15 We used the Beck Depression Inventory to identify depressive symptoms at baseline, 1 week after cessation, and at the end of nortriptyline therapy. 16 
STATISTICAL ANALYSIS
The primary outcome was sustained smoking abstinence, defined as self-reported cessation within 1 week of the quit day, expired carbon monoxide of 9 ppm or less at each visit, and verified by urine cotinine level of less than 50 ng/mL at the final visit (6 months). 17 The sample size for the study (100 per group) was estimated based on assumptions of an 80% power, ␣ of .05, and a 10% absolute difference in the 6-month validated quit rates between the groups. Data were analyzed using SPSSPC software (SPSS Inc, Chicago, Ill) and Stat-Exact 3 (Cytel Software Corporation, Cambridge, Mass). We compared the groups for continuous variables using t tests and Mann-Whitney U tests, as appropriate, and for categorical variables using 2 tests. We used the Bonferroni adjustment for the analysis of the 8 daily withdrawal symptom scores, leading to critical value for statistical significance of PϽ.006. 18 We compared the 6-month cessation rates in the 2 groups using Fisher exact tests based on an intention-to-treat analysis. fects, which were typical of the drug and are greater than those seen with nicotine replacement therapy. Smoking behavior is determined by a complex interaction of biological, psychological, and behavioral factors. 19 The mechanisms of nicotine dependence and withdrawal are incompletely understood. 20 Nevertheless, there are several possible mechanisms of action for nortriptyline's effect in enhancing smoking cessation. Nortriptyline may reduce depressive symptoms 21 and the need for "negative affect reduction smoking." 22, 23 Other antidepressant agents (bupropion 5 and moclobemide 7 ) are also effective in smoking cessation, suggesting the antidepressant effect may be the common mechanism. However, we showed no significant difference in Beck Depression Inventory scores between subjects in the nortriptyline and placebo groups, indicating that treatment of depressive symptoms is probably not the only mechanism.
Anxiety and stress are important factors in stimulating smoking and preventing cessation, and nortriptyline has antianxiety effects. 24 We observed a significant reduction in anxiety/tension and irritability/anger in the nortriptyline group, which may partially explain its efficacy.
It is also possible that antidepressants suppress the symptoms of nicotine withdrawal with central noradrenergic receptor systems. Nortriptyline affects a number of neurotransmitter systems, predominantly acting to block reuptake of norepinephrine with a lesser effect on serotonin. 25, 26 Other drugs that are effective in smoking cessation, including bupropion and clonidine, also have effects on the central noradrenergic systems. 27 The cessation effect of nortriptyline may be due to anticholinergic actions, 28 especially the dry mouth and taste changes. Subjects in this study frequently reported that cigarettes "did not taste good" when they were receiving the study drug, reminiscent of the frequent complaint of patients with hepatitis. Rose 29 and Westman et al 30 have demonstrated the importance of upper airway sensory stimulation in smoking and cessation. Most likely, the beneficial effects of nortriptyline use are due to a combination of these, and perhaps other mechanisms, with different mechanisms being more or less important in different individuals.
There are several limitations that must be kept in mind when interpreting the results of this study. First, we required subjects to be smoking 10 cigarettes per day at the time of study entry, and many were trying to quit and had already reduced the number of cigarettes smoked before their formal quit date. If they were already past the peak of their withdrawal symptoms, the apparent benefits of nortriptyline use would have been minimized. Second, our blinding was only partially effective. Because of the high frequency of dry mouth, the nurse and subjects were often able to identify the active drug. Third, the relatively small sample size limits our analysis of the effect of potential predictors of cessation such as sex, prior depression, level of nicotine dependence, and number of prior quit attempts. Since we enrolled fewer subjects with symptoms of depression than anticipated, we cannot determine whether nortriptyline would be more effective in depressed smokers.
We have demonstrated the efficacy of nortriptyline in smoking cessation; however, the ideal dosage and duration of treatment remain to be determined. The optimal effect of nortriptyline use may also require a longer precessation period of drug therapy. The relapse in the nortriptyline group after the drug was discontinued suggests that a longer duration of treatment may be more effective. The role of nortriptyline compared with or in combination with other agents is not yet known. Nortriptyline may prove to be most useful in those smokers who have failed standard smoking cessation therapy.
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